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Carnivores act as top-down regulators in terrestrial ecosystems, and their occurrence and relative abundance is a result of complex interactions between food and habitat availability, human pressure (e.g., trapping, hunting, roadkill), and intraguild interactions (competition, predation). Eastern United States has a long history of human impact, which resulted in an altered carnivore community. Specifically, Ohio presents an interesting case for evaluating the relative roles of interspecific relations and habitat characteristics for shaping the carnivore community, as its carnivore community has a unique dynamics and composition: invasive coyote and red fox (Vulpes vulpes), and native bobcat (Lynx rufus), currently recovering and expanding its range, gray fox (Urocyon cinereoargenteus) declining at a fast pace, and the generalist raccoon (Procyon lotor) and Virginian opossum (Didelphis virginiana). We used 50 camera traps to collect presence/absence data in southeastern Ohio, USA. We hypothesized potential interactions between the six carnivores, and used land cover variables, as well as occupancy probabilities of interacting species, to parameterize to single-species occupancy models. We found that landscape composition at three different scales (500 and 1000 m buffer around camera locations, and 3 × 3 km grid cell) had little effect on species occurrence. We identified strong negative interspecific relations between carnivores, with bobcat occurrence being influenced by presence of coyotes, red fox occurrence by gray foxes, and raccoon occurrence by Virginia possums. While these findings cannot discriminate between habitat partitioning (spatial or temporal) and competition (direct or interference), they lend support to complex dynamics between invasive coyotes and red foxes and recovering (bobcat) and declining (gray fox) native carnivore species. In particular, the negative relation between the apex predator in our system, C. latrans, and L. rufus, raise further questions on whether direct competition from coyotes has the potential to slow bobcat population recovery. In the context of regulated trapping (ongoing for gray fox and potential season for bobcat), a better understanding of the carnivore intraguild relations can inform management and conservation actions targeted at minimizing the impact of competition on at-risk native species from non-native species.
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INTRODUCTION

Biodiversity is declining at a rapid pace in the new Anthropocene epoch, and Earth is witnessing a sixth mass extinction (Ceballos et al., 2015). Defaunation, loss of wildlife from both pristine and disturbed landscapes, is a widespread global phenomenon (Dirzo et al., 2014), and significant efforts and financial resources are put into recovery and restoration measures. Specifically, many of the world's terrestrial carnivores are declining, and the reduction in abundance or the local extinction of key carnivore species can have devastating ecosystem level effects (Ripple et al., 2014). Carnivores are important top-down regulators of ecological communities, and changes in abundance or occurrence of apex predators may trigger trophic cascades (Levi and Wilmers, 2012; Ripple and Beschta, 2012; Colman et al., 2014). As such, the recovery of apex predators as a conservation tool to restore ecosystem functions requires not only an understanding of their direct ecological functions (top-down control, mesocarnivore suppression), but also addressing the broader ecological community context, climate conditions, and sources of anthropogenic impact that shape terrestrial landscapes (Elmhagen and Rushton, 2007; Ritchie and Johnson, 2009).

In this context, community ecology approaches are effective for understanding the ecological impacts of loss or recovery of apex predators, and help guide conservation actions (Chapron and López-Bao, 2016). While the recovery of apex predators sometimes require intact landscapes, devoid of human impact (Gilroy et al., 2015), the spectacular comeback of apex predators in Europe shows that carnivores can thrive in highly-modified landscapes, and effectively coexist with humans (Chapron et al., 2014; López-Bao et al., 2015; Chapron and López-Bao, 2016). Thus, to be effective, community ecology approaches (e.g., trophic relations, interspecific interactions) must be expanded to integrate the human factor (Dorresteijn et al., 2015; Chapron and López-Bao, 2016). The recovery of predators after decades or centuries of absence also raise critical questions about their impacts on the existing, depauperate carnivore guild, largely dominated by mesopredators (Elmhagen and Rushton, 2007; Cervinka et al., 2011).

Terrestrial carnivore guilds are structured by differential space use and habitat relations, as well as by strong interspecific exploitative and interference relations (Linnell and Strand, 2000; Pasanen-Mortensen et al., 2013; Gompper et al., 2016). These forms of competition may be elucidated by examining habitat partitioning both spatially and temporally (Schuette et al., 2013). In addition, interspecific killing can also be seen between many carnivores, and is a form of interference competition (Palomares et al., 1999; Arim and Marquet, 2004). Conceptually, understanding the impacts of carnivore recovery through a trophic ecology lens has been cast as “trophic rewilding” (Svenning et al., 2016), as a more concrete way to evaluate the responses of resident species and ecosystems. However, there are significant gaps in our understanding of whether restoring predators is sufficient to trigger trophic cascades (Newsome and Ripple, 2015), and whether human impacts (e.g., hunting, poaching) can hinder these conservation efforts by influencing their ecological role (Liberg et al., 2012; Ordiz et al., 2013). As such, there is a critical need to understand such interactions in human-dominated landscapes that harbor viable carnivore populations, and witness carnivore recoveries.

One such region, where carnivore intraguild relations can shed light on the potential for species recoveries and declines is Ohio. The carnivore species in Ohio are at the focus of intensive management efforts through regulated trapping and hunting (wildlife.ohiodnr.gov). This jurisdiction is witnessing both current declines and recoveries of its terrestrial carnivore species, thus investigating intraguild relations can answer critical questions about the relative importance of habitat and interspecific relations influencing the recovery and decline rates. Over a century ago, several carnivore species have been extirpated from Ohio, including black bears (Ursus americanus), wolves (Canis lupus), fishers (Pekania pennanti), and bobcats (Lynx rufus). Bobcats disappeared from the state in the mid-Nineteenth century, but they have been reclaiming their former range in Ohio in the last 4–5 decades; bobcats have established a self-sustaining population from founder animals originating from West Virginia, Kentucky, and Pennsylvania (Anderson et al., 2015). At the same time, another native species, the gray fox (Urocyon cinereoargenteus), has been declining in Ohio in recent years, likely due to disease (S. Prange, pers. comm.). Two other common cosmopolitan mesocarnivores, the Virginian possum (Didelphis virginiana) and raccoon (Procyon lotor) have large populations in Ohio. In addition, two non-native carnivore species, the coyote (Canis latrans) and red fox (Vulpes vulpes) have viable populations in Ohio (although there is evidence that the red fox population is declining), and their impacts on native declining species (i.e., gray fox) and recovering (i.e., bobcats) is unknown. As such, given this complex situation, understanding the structure and functioning of the predator guild can inform decisions for the wildlife management and conservation.

Data on terrestrial carnivore species is often hard to collect, because of their cryptic behavior (Pfenninger and Schwenk, 2007). Non-invasive methods such as scat collection, track plates, camera traps, and snow tracks have been used to evaluate carnivore occurrence and abundance. Baited camera traps are a relatively cost-effective method for collecting carnivore data, but in our system, the photo recordings do not yield individually identifiable animals; thus, all inferences rely on unmarked individuals. Baiting with specific or general attractant lures increases visitation rates at the trap site, which increases the number of animals and species identified at a given site (Gompper et al., 2006). Presence/absence of species inferred from camera trap data lends itself to data analyses including understanding the relations between co-occurring species (Sollmann et al., 2013), predicting wildlife-habitat relationships, evaluating anthropogenic effects on animal distribution and population size (Cove et al., 2012), and evaluating community composition (Schuette et al., 2013).

The goal of this study is to understand the composition and distribution of the carnivore community in southeastern Ohio, and the relative importance of habitat and intraguild interactions for shaping the carnivore community. Specifically, we are evaluating the relative contribution of habitat characteristics at multiple spatial scales and the strength of intraguild relations, for determining patterns of carnivore occurrence in southeastern Ohio. For this, we used a camera trap array to gather presence/absence data to inform single-season, single-species occupancy models (MacKenzie et al., 2002) for individual carnivore species. We first estimated probabilities of occurrence for a given species based on habitat data. Post-hoc, we included probability of occupancy for co-occurring species as a covariate in models for individual species to understand interspecific relations based on hypothesized and known species interactions and ecology (Gompper et al., 2016). For example, the occupancy of D. virginiana is not likely to have an effect on the occupancy of C. latrans, and therefore, D. virginiana occupancy was not included in the model set for C. latrans (Gompper et al., 2016). We hypothesized that there is (1) a negative effect of coyotes (the apex predator in our system) on all other carnivore species, especially bobcats (i.e., Thornton et al., 2004; Gehrt and Prange, 2007), (2) a negative effect of gray foxes on red foxes and vice-versa, and (3) no effect of raccoons and Virginia possums on any of the other members of the carnivore guild. We were specifically interested on the effects of non-native species (coyote and red fox) on the recovering native bobcat, and the declining native gray fox. Thus, we effectively evaluated the relative importance of interspecific relations and habitat data in shaping the current carnivore community, and we focused on the interplay between native and non-native species, especially in the context of current bobcat recovery and gray fox declines in Ohio. The information provided by our work has the potential to inform the management and conservation of terrestrial carnivores in Ohio, by providing baseline ecological data for management decisions that ensure population viability, as well as identifying species interactions and habitat relations between native and non-native carnivores.

MATERIALS & METHODS

Study Site

Our camera sites were contained within the Athens portion of the Wayne National Forest and Zaleski State Forests in southeastern Ohio. The Wayne National Forest was established in 1934 by a special law passed in the state that allowed the federal government to purchase land for the creation of a national forest. As early American settlers began to move west of the Appalachians and began to settle in Ohio, the land was heavily logged, mined, and farmed. It was reforested by the Civilian Conservation Corps (CCC) under President Franklin Delano Roosevelt (www.fs.fed.us). Zaleski State forest is the state's second largest owned forest and was established in 1928. The land was reforested after having been heavily mined and logged (forestry.ohiodnr.gov). While both forests are relatively young, they have established communities of previously extirpated species, such as L. rufus.

Data Collection

Data collection began mid-May 2016 and ended on July 27, 2016. Our first step was to place a 2 × 2 km grid over the study area in ArcGIS (ESRI, Redlands CA) to identify potential sites for camera placement, with one camera to be placed per grid cell (Figures 1, 2). The 2 × 2 km grid was chosen because it allowed the cameras to be placed far enough away from each other to reduce the potential of overlapping data, but close enough to each other to be easily accessible. We placed a total of 50 camera traps (Moultrie M-999i, PRADCO Outdoor Brands, Calera AL), and the location of each camera within a given grid cell was based on ease of access; we attempted to place cameras as close to the center of the grid cell as possible, equidistant to other cameras; we did not place cameras along roads or trails. Cameras were secured to trees ~1 m above ground, facing another tree, 2–4 m away, on which we rubbed an attractant lure (Caven's Gusto, Minnesota Trapline Products Inc., Pennock, MN) This baiting method has been used to camera trap carnivores successfully by several other studies (Gompper et al., 2006; Popescu et al., 2014). Cameras were checked every 10–14 days to download the pictures, replace the batteries, and refresh the lure.
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FIGURE 1. Hotspots of occurrence of two native predators, bobcat (A) and gray fox (C), and two non-native predators, coyote (B), and red fox (D) in the Wayne National Forest (Athens Unit) and Zaleski State Forest in SE Ohio. The black dots denote camera trap locations within the 2 × 2 km grid cells.
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FIGURE 2. Model-averaged standardized predictors for occupancy of six carnivore species in southeastern Ohio. Distrds, distance of camera from roads; Treedens, the number of trees within a 10 m buffer around the camera; Pershrub, proportion shrub within 10 m radius of camera; ShrubGC, proportion shrub within a grid cell; Agriculture10, proportion of agriculturally developed land within a 1,000 m buffer around the camera; Forest10, proportion of a 1,000 m buffer around the camera that is forested; Forest5, proportion of a 500 m buffer around the camera that is forested; PropdevelGC, proportion developed lands within a grid cell; Propdevel10, proportion developed lands within a 1,000 m buffer around the camera; Propdevel5, proportion developed lands within a 500 m buffer around the camera; Bobcat, probability of occupancy for L. rufus in each grid cell; Coyote, probability of occupancy for C. latrans in each grid cell; RedFox, probability of occupancy for V. vulpes in each grid cell; Raccoon, probability of occupancy for P. lotor in each grid cell (A = bobcat; B = coyote; C = gray fox; D = red fox ; E = raccoon; F = opposum).



We collected habitat data at four different scales: 10 m radius around the camera, 500 m radius around the camera, 1,000 m radius around the camera, and within the 2 × 2 km grid cell. At the 10 m scale, we measured slope, exposure, number of trees, percent canopy cover, dominant tree species, percent mature trees, percent saplings, percent shrubs, percent herbaceous species, percent rocky outcrop, and average tree circumference (Supplementary Material). We also extracted data such as distance to nearest roads. For the broader spatial scales (500 m buffer, 1,000 m buffer, and grid cell), data was extracted from the National Land Cover Database 2011 (Supplementary Material; Homer et al., 2004) using Geographic Information Systems. Variables examined at each scale included percent agriculture, urban development, forest, and shrub cover (Supplementary Material).

Data Analysis

We implemented single-season occupancy models (MacKenzie et al., 2002) to predict occurrence of individual species using package unmarked (Fiske and Chandler, 2011) in program R 3.4.1 (R Core Team, 2017). We first divided the study period in 5 sampling windows to create histories of detection/non-detection for each species at each cameras trap location; we did not take the number of images or number of returns to a camera trap locations within a given sampling window into consideration, and presence was recorded if a species was detected at least once at a camera. The sampling windows were ~10 days each, matching the camera revisit schedule, a common practice in camera trap studies (Burton et al., 2015); as such, each camera had slightly different sampling periods, but we included time of year (Julian Day) and number of days cameras were functioning (controlling for short periods when cameras were not active; e.g., cameras out of battery or stolen) as covariates for modeling detection probabilities to account for such discrepancies. We also used precipitation over each of the sampling windows, as well as time of day as covariates for detection (data collected from the Athens OH weather station).

We first build detection models using a full model for occupancy in order to identify the best predictors for detection. We then used the covariates collected at the four different scales to develop a suite of candidate models. We examined the variables for correlation, and eliminated variables with a Pearson correlation coefficient r > 0.7, or we did not use them in the same model. First, each discreet habitat scale was modeled for the species, including combinations of variables that were chosen based on the knowledge of the species. For example, C. latrans are known to travel along roads; thus, distance from roads was included in several site-level models (Grubbs and Krausman, 2009). Because our data was sparse for some species, the models contained a maximum of three variables for explaining occupancy. All covariates were scaled to allow direct comparison. After building models specific to each habitat scale, we created models that included covariates from several scales, as well as the probability of occupancy for co-occurring species as a covariate in models for individual species to understand interspecific interactions based on hypothesized and known species interactions and ecology, and developed a final set of candidate models for each species (Tables 2–7). We used a model selection framework to rank our candidate models using the Akaike Information Criterion corrected for small sample size AICc (Burnham and Anderson, 2002), and an averaging procedure to estimate probabilities of detection and occupancy of each species based on a set of models with cumulative AICc weight = 0.95.
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FIGURE 3. Interspecific relations between six carnivore species in Ohio inferred from occupancy models, with the direction of the arrow showing the direction of the effect. Solid arrows indicate negative relations, dotted arrows indicate positive relations. Bold lines and coefficients indicate statistically significance. (source of carnivore drawings: www.supercoloring.com/silhouettes).



C. latrans Occupancy

The probability of site occupancy for C. latrans in our study was the highest among all species considered here (occupancy (psi) = 0.892 ± 0.002; Table 1). The model containing the variable distance from roads had the most support, with roads positively influencing the presence of this species. Interestingly, the proportion of development within a 500 m buffer around the camera also positively influenced C. latrans (Figure 2B, Table 3). Models for C. latrans did not include the effects of other species because literature evidence suggests that as the top predator in this environment, they likely do not experience effects of competition from other carnivores in this system.


Table 1. Probability of occupancy and detection, and the number of detections/non-detections by species.
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Table 2. Candidate model set for L. rufus.
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Table 3. Candidate model set for C. latrans.
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U. cinereoargenteus Occupancy

The probability of site occupancy for U. cinereoargenteus in our study area was low (psi = 0.175 ± 0.020; Table 1). The top model included the percent shrub within a 10 m buffer around the camera, which negatively influenced U. cinereoargenteus occupancy (Figure 2C, Table 4). However, this model did not differ from subsequent models that included the model containing percent agriculture within the grid cell, which positively influenced U. cinereoargenteus occupancy, and the null model. Interestingly, V. vulpes had a low negative effect on U. cinereoargenteus occurrence (standardized coefficient = −0.344). We expected C. latrans to negatively influence the occurrence of U. cinereoargenteus, but this relation were not strong (Figure 3).


Table 4. Candidate model set for U. cinereoargenteus.
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V. vulpes Occupancy

The probability of occupancy for V. vulpes was slightly higher than for U. cinereoargenteus (psi = 0.239 ± 0.021; Table 1). The top model included the proportion of developed land within the grid cell, and the distance of the camera from the road, both of which negatively influenced V. vulpes occupancy (Figure 2D, Table 5). We also found that the proportion of forest in the grid cell was positively associated with V. vulpes occupancy. Notably, U. cinereoargenteus occurrence had a negative effect on the presence of V. vulpes, which was 10 times higher than the reciprocal effect (standardized coefficient = −3.426, compared to −0.344) (Figure 3).


Table 5. Candidate model set for V. vulpes.
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P. lotor Occupancy

The probability of occupancy (psi) for P. lotor was 0.881 ± 0.019 (Table 1). None of the covariates introduced in our study to explain variability were found to be significant (Figure 2E), but our top model included the percentage of forest within a 500-m buffer around the camera (negative effect), as well as the distance of the camera from the road (positive effect) (Table 6). However, we found a negative effect of D. virginiana on the occurrence of P. lotor, denoting habitat partitioning and/or competition (standardized coefficient = −3.53), and a weak negative effect of C. latrans (−0.805) as a potential result of mesocarnivore suppression (Figure 3).


Table 6. Candidate model set for P. lotor.
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Table 7. Candidate model set for D. virginiana.
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RESULTS

Determinants of Carnivore Occupancy in Southeastern Ohio

L. rufus Occupancy

The probability of occupancy for L. rufus was 0.510 ± 0.045 (Table 1); predicting half of the study area to be inhabited by bobcats. Although none of the habitat covariates used to predict occurrence were significant, our top model included the proportion of agriculture within the 1,000 m buffer around the camera, which positively influenced L. rufus occupancy (Figure 2A). When the probability of occupancy for C. latrans was introduced as a covariate in L. rufus models, we found a significant negative effect on L. rufus occurrence (standardized coefficient = −5.07; Figure 3).

D. virginiana Occupancy

The probability of occupancy for D. virginiana in our study site was also high (psi = 0.731± 0.016; Table 1). None of the covariates introduced to explain the variability in D. virginiana site occupancy were found to be significant (Figure 2F), which was expected given that this species is ubiquitous in Ohio. D. virginiana occurrence was weakly influenced by C. latrans (standardized coefficient = −0.305) (Figure 3).

Detection Probabilities

None of the variables used to model detection (Julian day, the number of days the camera was out, time of day, and precipitation) had a significant effect on the detection of individuals of any of our six target species, and therefore the null model was chosen to be used in further analyses. The detection probabilities (p) for three of the six species were ~0.2: C. latrans: p = 0.207 ± 0.002, U. cinereoargenteus: p = 0.197 ± 0.005, V. vulpes: p = 0.180 ± 0.004. L. rufus had a much lower detection probability (p = 0.085 ± 0.002), whereas D. virginiana and P. lotor had, as expected, much higher detection probabilities: 0.453 ± 0.002 and p = 0.455 ± 0.019, respectively.

DISCUSSIONS

Our results suggested directions and strengths of interspecific relations between carnivore species in southeastern Ohio, which, along with habitat variables, contributed to shaping occurrence patterns. As expected, we found the highest occupancy for C. latrans (0.892 ± 0.002), a common, highly-adaptable non-native species in Ohio, as well as for D. virginiana, and P. lotor. P. lotor and D. virginiana, both generalist mesocarnivores, show a high probability of occupancy at 0.881 ± 0.019 and 0.731± 0.016, respectively. We found a low probability of occupancy for V. vulpes (~0.2); we expected higher probability of occupancy, as red foxes are a non-native generalist, and have a widespread distribution in Ohio (Dell'Arte et al., 2007). Another unexpected result was found for U. cinereoargenteus, which exhibited slightly higher occupancy than V. vulpes. However, low occupancy estimates for gray foxes corroborate the recent declines observed in the U. cinereoargenteus population of Ohio due to disease (S. Prange, pers. comm.). L. rufus had a probability of occupancy of approximately 0.5, consistent with existing knowledge that L. rufus are reclaiming their former range in Ohio (Anderson et al., 2015).

The patterns of occurrence in the six carnivore species can partly be explained by the strength and direction of interspecific relations. We expected C. latrans, the apex predator in our system to act as the top-down regulator and have a negative influence on the occurrence of the other carnivore species. However, only one relation was strong and in the expected direction: occurrence of C. latrans strongly and negatively influenced the patterns of L. rufus occurrence (Figure 3). One possible explanation is that of direct competition and spatial segregation between these species, with C. latrans affecting the spatial distribution of L. rufus. Although this finding is based on data within a relatively short time span, which coincides with the kitten rearing season when female bobcats reduce their movements, it corroborates other studies in North America where C. latrans appear to outcompete L. rufus (Litvaitis, 1981; Thornton et al., 2004). This finding raises further questions about the population level effects of a non-native carnivore on the recovery of the native bobcat population in Ohio, as well temporal habitat partitioning (species using the same habitat but during different seasons; Chamberlain and Leopold, 2005), which could be answered though a longer-term study.

One unexpected finding was the negative relation between U. cinereoargenteus and V. vulpes occurrence. Given the current declines of U. cinereoargenteus, and the success of V. vulpes as an invader in North America, we expected that red foxes to negatively affect the occurrence of gray foxes. However, life history of U. cinereoargenteus, and the indirect impacts of C. latrans on V. vulpes might explain this pattern. First, C. latrans may suppress both fox species, but the ability of U. cinereoargenteus to climb trees and avoid larger predators might make the mesocarnivore suppression impact of C. latrans asymmetrical, and geared toward V. vulpes; suppression of V. vulpes by C. latrans has been observed in other studies (Levi and Wilmers, 2012). Thus, the strong relation between U. cinereoargenteus and V. vulpes may be apparent, and mediated by C. latrans. The other notable interspecific relation was that of D. virginiana and P. lotor. D. virginiana occurrence was negatively associated with P. lotor (Figure 3), likely due to direct competition between these two mesocarnivores, which have been shown to use similar resources in their environment (Ginger et al., 2003). However, the high levels of occurrence between these two species suggest that they are both successful in the forested SE Ohio landscape, and anecdotal evidence points toward an increasing raccoon population (S. Prange, pers. obs.).

The interspecific relations between the six carnivore species, along with landscape scale land use and human impact shape the spatial patterns of occurrence for all species. Two clear distribution patterns emerged. The first notable pattern is that L. rufus and U. cinereoargenteus, two species native to Ohio, have similar spatial distribution of higher occupancy probabilities. This could be due to a variety of factors, including the use of similar habitat features. In fact, the higher the percentage of agricultural lands in a grid cell, the higher the probability that L. rufus or U. cinereoargenteus occupied that habitat. One potential explanation is that these species are pushed into more fragmented habitat by their competitors (especially C. latrans). At the same time, L. rufus is known to preferentially prey on rodent and lagomorph species such as meadow voles (Microtus pennsylvanicus), meadow jumping mice (Zapus hudsonius), and eastern cottontail rabbits (Sylvilagus floridanus), commonly associated with open fields (Rose and Prange, 2015). The second notable pattern is that C. latrans and V. vulpes have similar spatial distributions of high occurrence probabilities; both species tended to avoid developed areas in the landscape. This distribution pattern is interesting, considering that several other studies have shown that these two species partition the habitat and are often not found in the same areas (Theberge and Wedeles, 1989; Gosselink et al., 2003). Overall, the two species parings - L. rufus & U. cinereoargenteus and C. latrans & V. vulpes- occurred with high probabilities in contrasting habitats. This finding corroborates other studies showing that L. rufus will avoid C. latrans, likely due to competition and predation risk (Litvaitis, 1981; Thornton et al., 2004); however, the short duration of our study may have overlooked spatial and temporal patterns acoss longer time periods, which warrants further research. At the same time, C. latrans and V. vulpes, both non-native species, may be able to successfully partition certain habitat temporally (Gosselink et al., 2003). Another interesting aspect is whether the diets of the two species pairings are different. There is evidence that coyotes and bobcats increase their dietary overlap, as well as their spatial overlap in human dominated landscapes of California (Smith et al., 2018), but more research is needed in our landscape to fully understand the diet and temporal and spatial habitat partitioning in these four species.

In addition to C. latrans presence, L. rufus occurrence was most influenced by the amount of agriculture in the landscape and was positively influenced by this habitat characteristic. This could be due to the availability of prey in the open fields of agriculture, which has shown to be greater than the forest interior (Pardini et al., 2005). U. cinereoargenteus are also positively influenced by agriculture, and a diet analysis for this species would be necessary to further understand spatial distribution patterns in relation to prey availability. C. latrans occupancy fit the expected pattern of a generalist, highly-successful invader. As shown in other studies, coyotes make extensive use of roads (Grubbs and Krausman, 2009), as roads allow them to not only move with ease through their home range, but also provide a way to communicate with conspecifics (Brattstrom, 1999). C. latrans will commonly mark their territories by dropping scat along roadways (Barrette and Messier, 1980). Our models corroborate these findings, as C. latrans occupancy was positively influenced by proximity to roads (Figure 2B). V. vulpes had lower than expected occupancy, and their occupancy was negatively associated with developed land within the grid cell, and negatively associated with proximity to roads. The negative relationship with developed land (e.g., towns) can be explained by the fact that V. vulpes, although adapted to thrive in human-dominated landscapes (Dell'Arte et al., 2007), is outcompeted from such areas by coyotes. The high occurrence patterns for P. lotor and D. virginiana were also expected. P. lotor was more likely to be found in more developed habitats, particularly at the 500-m scale, which speak to the ability of this species to thrive in human dominated landscapes. D. virginiana, on the other hand, was more likely to be found in areas away from human development and a greater distance from the roads, which lines up well with studies that found that that this species is a forest dweller, though often found in human dominated landscapes as well (Ginger et al., 2003).

Implications for Carnivore Management and Conservation

Interspecific relations and habitat occurrences between non-native and native species poses interesting challenges to management and conservation. On the one hand, the two native species, which are listed as species of concern in Ohio, may be affected to some extent by non-native carnivores. Recovery rates of the bobcat population in the area are unknown, but anecdotal data from verified sightings and roadkill, as well as genetic analyses (Anderson et al., 2015) point toward a successful pathway to population recovery. The negative relation between bobcats and coyotes observed in our system, which corroborates other studies, raise further questions on whether direct competition from C. latrans has the potential to affect L. rufus population recovery. The declining U. cinereoargenteus did not seem to be impacted directly by C. latrans, but our relatively short study may have not been sufficient to fully understand the interaction between these two species, as well as between the two fox species. In addition, it is important to acknowledge that the detection probabilities of all species may have been influenced by our use of an attractant lure. While this is a common method to increase detection rates in camera trap studies (2/3 of camera trap studies evaluated by Burton et al. (2015), different species may have had different propensities to visit cameras. Given observed behavior at traps, L. rufus, C. latrans, P. lotor, and D. virginiana may have been more attracted than U. cinereoargenteus and V. vulpes. The former species had a tendency to investigate the lure and sometimes rub against the tree, while the latter did not seem as interested. This may have affected detection rates; as such, this information is important for future monitoring of these species using camera traps.

Regulated harvesting (e.g., trapping, hunting) is a common, yet debated, wildlife management method. However, in many cases, harvesting may occur without a thorough understanding of the population size and demography, leading to detrimental effects on the long-term viability of the target species (e.g., Artelle et al., 2013, 2018; Popescu et al., 2016). The information in this study can serve as a source of information on the local carnivore populations, some of which appear to be vulnerable to additional sources of mortality (e.g., roadkill, disease). In particular, there are unknowns around the potential population-level impacts of a potential trapping season on the recovering bobcat population, and the ongoing trapping on the declining gray fox population. For example, because of the seemingly low occupancy found for U. cinereoargenteus, a bag limit would be advisable, in an effort to decrease the human-caused mortality, and ensure species viability in the long term. For L. rufus, caution must be exercised prior to opening a trapping season, and studies evaluating population size and identifying source and sink populations (Anderson et al., 2015) should be implemented. In this context, a better understanding of the carnivore intraguild relations can further hone management and conservations actions targeted at minimizing the impact of competition on at-risk native species from non-native species.
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—169.407
-168.768
—168.193

PO I I IR B RN

Alce

343.367
343915
344.067
345.084
345.147
345353
345.495
345564
345596
345.621
345,630
345633
345634
345.830
346.364
346.429
347.384
347.426
347.703
348.900
350.340

Delta AlCc:

0.000
0548
0.699
1.667
1.780
1985
2.128
2.197
2228
2.253
2.263
2.266
2.266
2.462
2.997
3.062
4016
4.058
4335
5533
6.972

weight

0.189
0.106
0.098
0.060
0.057
0.052
0.048
0.046
0.046
0.045
0.045
0.045
0.045
0.041
0.031
0.030
0.019
0018
0016
0.009
0.004

Distrds, distance of camera from roacis; Treedens, the number of trees within a 10m buffer around the camera; Pershrub, proportion shrub within 10m radius of camera; ShrubGC,
proportion shrub within a grid cel: Agriculture10, proportion of agriculturally developed land within a 1,000 m buffer around the camera; Forest10, proportion of a 1,000m bufer around
the camera thatis forested: Forest5, proportion of a 500 m buffer aroundthe camera that isforested; PropdevelGC, proportion developed lands within a grid cel: Propdevel10, proportion
developed lands within a 1,000m buifer around the camera; Propdevels, proportion developed lands within a 500m buffer around the camera; Bobeat, probabilty of occupancy for L.

rutus; Coyote, probabilty of occupancy for C. latrans; GrayFox, probabilty of occupancy for U. cinereoargenteus; RedFox, probabilty of occupancy for V. vulpes; Raccoon, probabilty
of occupancy for P: lotor; K, number of parameters; logLik, log-fikelihood: K, number of parameters; AlCc, Akaike Information Criterion; weight, AICc weight.
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